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Self-incompatibility (SI) is a widespread mechanism in flowering plants that prevents 
self-fertilization and promotes outcrossing. Though advantageous from this standpoint, 
SI is disadvantageous for agriculture. Most of the important fruit crops in subtribe 
Pyrinae (formerly Maloideae) of the Rosaceae, such as  Malus and Pyrus, exhibit 
S-RNase (S-ribonuclease)based SI controlled by a multigene complex, the S-locus. 
The genes at the S-locus in Pyrinae encode an S-RNase as a stylar factor and multiple 
F-box proteins called S locus F-box brothers (SFBBs) as pollen factors, and segregate 
as a single unit referred to as the S haplotype. Elucidation of the mechanism of SI is 
important for the regulation of fruit setting in agricultural production. A stylar-part 
self-compatible mutant (SPM) of Japanese pear (Pyrus pyrifolia), ‘Osa-Nijisseiki’, has 
contributed to our understanding of the function of S-RNase and to breeding of 
stylar-part self-compatible cultivars. Until the present studies, however, no pollen-part 
self-compatible mutants (PPMs) with an altered S haplotype had been discovered in the 
Pyrinae. 
This thesis describes the discovery of a novel, artificially obtained diploid PPM of 
Japanese pear, the analysis of the genetic and phenotypic basis of self-compatibility 
(SC) in this mutant, and the evaluation of its potential for use as breeding material. The 
thesis comprises four series of experiments, described in Chapters 2 to 5. 
In the experiments described in Chapter 2, a self-compatible mutant selection 
(designated 415-1) of Japanese pear was generated by a cross using pollen from a 
‘Kosui’ tree chronically exposed to low-dose-rate γ-irradiation. Cleaved amplified 
polymorphic sequence (CAPS) analysis of the S-RNase genes revealed that the S 
haplotype of 415-1 was S4S5. Self- and cross-pollination tests revealed that the styles 
of this selection maintained the S-allele-specific rejection of S4 and S5 pollen, whereas 
the pollen was not rejected by the styles of self-incompatible cultivars containing the 
same S haplotypes. Thus, this mutant was determined to be a PPM. 
In the experiments described in Chapter 3, flow cytometry analysis and 
segregation analyses of S haplotypes and simple sequence repeats (SSRs) in the same 
linkage group as the S haplotype were performed to investigate the genetic control of 
this PPM. Flow cytometry analysis revealed that 415-1 was diploid. Segregation 
analyses of S haplotypes and SSR markers revealed a duplication of the S5 haplotype 
and demonstrated that the accurate S haplotype of 415-1 is S4S5S5. These results 
indicated that the pollen-part SC of 415-1 is not caused by a mutation of a pollen S 
factor, but by a segmental duplication encompassing the S haplotype. Further, the 
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results suggested that 415-1 could produce S-heteroallelic pollen grains capable of 
breaking down SI through the function of two different S factors in a single pollen 
grain. This result provided further support for the proposal that the SI/SC systems in 
Pyrinae are regulated by the collaborative non-self recognition system postulated to 
function in the Solanaceae. 
In the experiments described in Chapter 4, the segregation of S haplotypes and 
SSR genotypes in pollen generated from 415-1 was directly demonstrated by using 
polymerase chain reaction (PCR) analysis of single pollen grains to evaluate the 
frequency of S-heteroallelic pollen. The frequency of S-heteroallelic pollen from 415-1 
was 16%, approximately equal to the frequency of outcross progeny of 415-1 with a 
duplicated S haplotype (14%). Moreover, about half of the pollen grains from 415-1 
were aborted or smaller than those from ‘Kosui’. Together, these results indicated that 
the decrease in frequency of pollen with the duplicated S haplotype occurred during 
pollen formation, but that the probability of fertilization by mature S-heteroallelic 
pollen was equal to that of single-allelic pollen. To our knowledge, this is the first time 
in the study of S-RNasebased self-incompatible plants that S-heteroallelic pollen with 
the potential to cause breakdown of SI was detected in a diploid PPM with a duplicated 
S haplotype. 
In the experiments described in Chapter 5, the allelic composition and dosage of 
the Pyrus pyrifolia S locus F-box brothers gamma (PpSFBBγ) gene in the progeny of 
415-1 were determined by TaqMan allelic discrimination assays designed to evaluate 
the correlation between SC and inheritance of the duplicated S haplotype. This assay 
revealed that 90% of the progeny of ‘Syuugyoku’ (S4S5)  415-1 (S4S5S5) had a 
duplicated S haplotype. Furthermore, 85% of the progeny with a duplicated S 
haplotype were self-compatible. From these results, the SC of 415-1 was confirmed to 
be transmitted to the progeny. However, some of the progeny with a duplicated S 
haplotype were self-sterile. The reasons are undetermined but might include 
detrimental mutations caused by -irradiation, inbreeding depression, or a combination 
of the two. 
In conclusion, the self-compatible selection 415-1 is the first diploid PPM of 
Japanese pear, and will be useful for breeding of self-compatible cultivars. 
Furthermore, 415-1 will be valuable for elucidating the mechanisms of regulation and 
function of SI, especially that of collaborative non-self recognition of self S-RNases 
caused by a duplicated S haplotype. 
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受粉して、実生 1 系統（系統名 415‑1）を獲得した。本系統の S-RNase マーカー解析による遺伝子型が
S4S5 であったため、同遺伝子型品種との相互交配試験を行い、415‑1 は花粉に自家和合性機能を獲得し
た花粉側自家和合性変異体であることを明らかにした。また、415‑1 後代における S ハプロタイプ型の
分離を調査することにより、415‑1 は S ハプロタイプの重複を有することを示した。フローサイトメー
ター解析および後代の SSR マーカー遺伝子型の調査から、415‑1 は S ハプロタイプを含む染色体の分節
的重複を有する二倍体の花粉側自家和合性系統であり、正確な S ハプロタイプ型は S4S5S5であることを
明らかにした。また、花粉一粒の DNA を鋳型にした PCR により、415‑1 の花粉における S ハプロタイ
プ型の分離を直接判定し、S4S5ハプロタイプ型花粉が約 16%存在することを明らかにした。さらに、自
家不和合性品種‘秀玉’（S4S5）と 415‑1 の後代集団における S ハプロタイプ重複の有無および各 S ハプ
ロタイプのコピー数を TaqMan 定量 PCR 解析によって判定した結果、その約 90%が S4または S5を 2 コ
ピー持つ S4S5S5または S4S5S5型個体であることを明らかにし、これらは 415‑1 の重複 S5ハプロタイプを








性形質が重複 S ハプロタイプと共に後代に遺伝したことから、415‑1 はニホンナシの自家和合性育種素
材として有用であり、重複 S ハプロタイプの検出によって花粉側自家和合性品種育成の効率化が可能で
あると結論した。 
